The present paper is concerned with the comparison of the nephropathy onset time of type-2 diabetic patients, grouped on the basis of gender and age at the time of diabetes diagnosis. Diabetic Nephropathy (DN) onset time is assumed to follow Weibull distribution with fixed left truncation. The likelihood ratio test is applied on uncensored cases and Thoman and Bain two sample tests is applied with generated left truncated Weibull distributions. To avoid the model validity issues for left truncated and right censored data (LTRC), the nonparametric approach, suggested by Kaplan and Meier, is used to compare the survival function of two groups over different time periods. Another method based on median survival time of the pooled group is applied to compare the survival function of two groups with LTRC data. The major advantage of developing methods for comparing the nephropathy onset times of DM patients is that the expected DN onset time of new DM patients can be predicted depending on the patient group.
Introduction
Diabetes is considered to be the primary cause of nephropathy if subjects develop diabetes after the age of 35 years and if diabetes was present in the subjects for more than 5 years before the initiation of renal replacement therapy (Meredith et al. 2009 ). Type-2 diabetes is known as adult-onset diabetes as it is primarily seen in middle-aged adults over the age of 40. (Brenner et al. 2003) . It has been predicted by Viswanathan (2004) that worldwide the prevalence of diabetes in adults would increase to 5.4% by the year 2025 from the prevalence rate 4.0% in 1995. Rodby (1997) study suggested that type-2 diabetic males are at greater risk of developing nephropathy. Also, it has been shown by Wagle (2010) that serum creatinine levels in males are significantly higher than in females.
Survival time comparison is one of the main goals of survival studies. Biomedical studies often compare the distributions of failure/survival time variables among two or more groups. Rossing et al. (1996) study compared three levels of albuminuria in insulin dependent diabetic patients. Joss et al. (2002) work concludes that survival time of type-2 diabetic patients, once diabetic nephropathy has developed, becomes even worse after starting dialysis. Bruce, Sheppard and others (2004) compared survival times of three categories: no diabetes, diabetes without peripheral vascular disease and renal failure, and diabetes with peripheral vascular disease and/or renal failure. Ashfaq et al. (2006) compared survival time of diabetic and non-diabetic groups to observe the effect of vein graft intervention. In all the above mentioned studies the authors estimated the survival function by Kaplan-Meier method and applied log rank test to compare the survivability of groups. Villar et al. (2007) suggested Cox proportional hazard model to study the effect of renal replacement therapy on the survival times of type-1 diabetic, type -2 diabetic and non-diabetic patients. Jianguo Sun and others (2008) compared survival times of two groups by applying generalized log-rank test. They discuss a class of generalized log-rank tests for incomplete survival data and establish their asymptotic properties and illustrated their study with diabetic patient data.
There are two broad approaches to compare the survival distribution among two groups: non-parametric and parametric. The Weibull family is commonly used in the statistical analysis of lifetime or response time data from reliability experiments and survival studies. To compare two Weibull distributions likelihood ratio test can be used for small samples. This test is based on the identification of the likelihood function. In parametric problems, the likelihood is usually a welldefined quantity. Thoman and Bain (1969) proposed a test to compare shape parameters in two Weibull distributions with the scale parameters unknown, along with a procedure which tests the equality of scale parameters.
The main objectives of this paper are to compare the DN onset time of (i) male and female groups, and (ii) the groups whose age at diabetes diagnosis is less than or equal to 45 years and more than 45 years. In this paper we consider data sets representing the survival time until the occurrence of an event of interest which is diabetic nephropathy. Two methods, i.e. parametric and nonparametric methods are used to compare the survival times of two groups, in the above two cases. Under parametric method, we have compared two left truncated Weibull distributions by applying likelihood ratio test and the two sample test proposed by Thoman and Bain (1969) , on the generated left truncated Weibull distributions. Nonparametric methods are applied with left truncated and right censored data. The survival functions are first estimated by applying KaplanMeier (KM) method for the groups in both the cases. Then, weighted KM method with appropriate weights is used to test the equality of survival functions, by comparing the difference in the survival functions over time. We have also modified Brookmeyer and Crowley (1982b) method, which is based on the median survival time, to test the equality of median survival of two groups in both the cases. The remainder of the paper is organized as follows. In section 2 development of the models is discussed. Section 3 applies the models to a data set of type-2 diabetic patients (diagnosed of diabetes as per ADA standards) from the data base of Dr. Lal's Path Lab, Delhi, India. Although some work has been done on the estimation of survival times of diabetic patients, to the best of our knowledge there is no study that has systematically compared the onset DN times of two groups with type-2 diabetes under both the methods: parametric and nonparametric . Some concluding remarks are made in section 4.
Development of the model
Observations are made on m mutually independent type-2 diabetic patients. These m patients, on certain criterion, are divided into two groups of sizes 1 m m . The disease time from two groups is assumed to follow Weibull distribution characterized by two parameters, shape (  ) and scale (  ), which are unknown. All the patients included in this study are patients with diabetic history of more than 5 years. The probability density function and survival function for the patient belonging to the t h j group ( 1, 2 j  ) are given as follows: 
The maximum likelihood estimates of j  and j  are found by partially differentiating the above function with respect to j  and j  , and equating the derivatives to zero. The resulting equations are:
The maximum likelihood estimates of j  and j  are obtained as j  and j  using error and trial method.
To compare the two left truncated Weibull distributions using likelihood ratio test (Lee, 2003) , the null hypothesis is given by 
where  and  are unknown. To test the above null hypothesis, we compute the
L     , the log likelihood value of the combined group with   and  as maximum likelihood estimators, is defined as:
This likelihood ratio test statistic defined in equation (7), first propounded by Fisher (1922) , gives (twice) the log likelihood of the ratio of one hypothesis vs. the other. It is used to compare two left truncated distributions with fixed truncation 
Likelihood ratio test to compare two left truncated Weibull distributions for uncensored cases
The maximum likelihood estimates of j
respectively.
To compare the two left truncated Weibull distributions using likelihood ratio test 
L     , the log likelihood value of the combined group of uncensored cases, is defined as:
This test is sufficient if the data concludes that the two distributions are significantly different but if the data concludes otherwise, an additional twosample test proposed by Thoman and Bain (1969) 
To test the above null hypothesis, the following statistic is computed (Thoman and Bain, 1969) We reject 0 Thoman and Bain, 1969) and conclude that the two Weibull distributions are significantly different. However, if the hypothesis
is not rejected we test the equality of scale parameters.
To test the above null hypothesis we compute the statistic given as follows: (using Thoman and Bain, 1969) where
Weighted Kaplan-Meier method to compare survival distributions of two groups
We consider the classical two-sample censored data with fixed left truncation survival analysis problem, with survival continuous and censoring independent of survival in each group. To compare the survival distributions of two groups of sizes 1 m and 2 m , as defined in section 2, let 1 2 ........ n t t t    denote the ordered survival time of two groups taken together. Let , ,
respectively, the number of events, the number of censored observations and the number at risk at time t , in the Klien and Moeschberger, 2003; Pepe and Fleming, 1989) of the event distribution using data in the 
,and ˆ( ) p S t be the KM estimator based on the combined group.
To test the equality of the two survival distributions the hypothesis is defined as
The test statistic is given by
KM suggested a weight function, w(t), in the study period D t defined as
The sum in (12) has only nonzero contributions as i t is the onset time and for censored observations
The test statistic Z has an approximate standard normal distribution.
Suppose the alternative hypothesis, 1
We suggest a new weight function defined as:
to test the equality of the two survival distributions. In this case the test statistic is computed as follows: 
the same as defined in the procedure given in section 2.3.
To test the equality of the two median survival times the null hypothesis is given as follows: (18) and the test statistic is defined as follows:
Brookmeyer and Crowley derived a method where median survival time is based on the common survival function, 
 Obtain the death time in the 
The test statistic U follows chi-square distribution with one degree of freedom. Reject 0
Application
The methods discussed in section 2 are applied to the data obtained through a house to house survey of diabetic patients who were referred for pathological tests to Dr. Lal path lab, Delhi, India. A retrospective study is conducted on the collected data. Since our study is focused on diabetic nephropathy only, the patient's data indicating effect on eyes, heart, etc. are excluded. Thus, a total of 132 patients were selected who were diagnosed as diabetics as per ADA standards with minimum 5 years duration. Out of these 132 patients, 60 were uncensored with diabetic nephropathy and 72 were censored/non-diabetic nephropathy, all aged between 44.45 ± 4.79 years (mean ± SD). The patients in the diabetic nephropathy group were distributed according to gender and age at the time of diagnosis as displayed in Table 3 . The demographic and risk variables recorded were: age at the time of diagnosis, duration of disease, fasting blood glucose (FBG), diastolic blood pressure (DBP), systolic blood pressure (SBP), low-density lipoprotein ( LDL) and serum creatinine (SrCr) as given in Table 2 . The motivation of our model development is to compare the time of type-2 diabetic patients on the basis of gender and age at the time of diagnosis of diabetes. Out of 132 cases, there were 59 males and 73 females. Available diabetic data has been used to test the equality of male and female disease time, which is assumed to follow Weibull distribution with fixed left truncation time as 5 years. To find the likelihood ratio test statistic, L X , and to test the hypothesis (5), we have found the maximum likelihood estimators of unknown parameters for male, female and combined groups and their respective log-likelihood values as given in 
Comparison of DN onset times of patients on the basis of gender and age at the time of diagnosis of diabetes by applying likelihood test
Further, we have classified the survival time, i.e. DN onset time, on the basis of gender. Out of 60 uncensored cases with diabetic nephropathy, there were 28 males and 32 females. Available diabetic data has been used to test the equality of male and female DN onset time, which is assumed to follow Weibull distribution with fixed left truncation time as 5 years. To find the likelihood ratio test statistic, L X , and to test the hypothesis (5), we have found the maximum likelihood estimators of unknown parameters for male, female and combined groups and their respective log-likelihood values as given in Figure 1 . DN onset time is classified on the basis of age at diabetes diagnosis. Out of 60 uncensored cases with diabetic nephropathy, the age at diabetes diagnosis of 33 patients was less than or equal to 45 years and the age at diabetes diagnosis of 27 patients was greater than 45 years. Available data has been used to test the equality of the two groups, which are based on age at diabetes diagnosis and are assumed to follow Weibull distribution with fixed left truncation time as 5 years. To test the hypothesis (5), the above procedure is repeated to compute the log-likelihood ratio test statistic and its value came out to be L Table 5 . It has been also shown graphically that the DN onset times of the two groups are significantly different, as displayed in Figure 2 . Thus, log-likelihood ratio test is found to be sufficient, as in all the above cases the data conclude that the DN onset times of two groups are significantly different. 
Figure 1. Onset time of diabetic nephropathy, uncensored cases; group1 =28 male patients; group2 = 32 female patients Figure 2 . Onset time of diabetic nephropathy, uncensored cases; group1 =33, age at diagnosis less than or equal to 45years; group2 = 27, age at diagnosis greater than 45 years
Left truncated Weibull distributions are generated for the application of Thoman and Bain two sample test
In this section we have shown the application of two-sample test proposed by Thoman and Bain (1969) , for cases when the likelihood ratio test is not sufficient. To compare the survival distributions of two groups of patients of same sizes with fixed left truncation, we generated three left truncated Weibull distributions with maximum likelihood estimators (MLE) of H . It has been found that in all the three sample sizes 10, 15 and 20, the test statistic R is less than   at  =.05. Thus, we fail to reject the equality of shape parameters (Tables in Thoman and Bain, 1969) . The respective values of R for the three sample sizes are given in Table 7 . After accepting the equality of shape parameter, the equality of scale parameters is tested by finding the statistic G , for all the three sample sizes. Since the value of the test statistic G is found to be less than z  at  =.05, we fail to reject 0 H (Tables in Thoman and Bain, 1969). Respective comparisons are given in Table 7 . Thus, from the generated study we conclude that for sample sizes 10, 15 and 20, there is no significant difference between the two left truncated Weibull distributions, whereas for samples sizes 30 and 40, there is a significant difference between the two generated left truncated Weibull distributions. 
Weighted Kaplan-Meier method to compare DN onset time of two groups of patients, including censored cases
The KM method is useful to compare the survival function (with different weights) of two groups over different time. In this case, firstly, the 132 type-2 diabetic patients have been divided into two groups (on the basis of gender) of 59 males and 73 females. The duration of diabetes of 132 individuals is mutually independent. The DN onset times are known for 28 males and 32 females. The DN onset times of these 60 patients have been arranged as 1 2 ............, n t t t   in a pooled sample. The survival function has been estimated for both the groups and also for the pooled sample, using KM method. This survival function is redistributed according to the time interval as given in Table 8  and test statistic Z , came out to be 0.998, 0.091 and 10.932, respectively. Again, the null hypothesis has been rejected since p-value came out to be less than 0.001 ( p < 0.001). Thus, we conclude that the two survival functions are significantly different. We have also compared graphically the survival function (onset DN times) of male and female groups, as shown in Figure 3 . Now, secondly, the 132 diabetic patients have been divided into two groups (on the basis of age at diabetes diagnosis) of 81 patients whose age at diabetes diagnosis was less than or equal to 45 years and of 51 patients whose age at diabetes diagnosis was greater than 45 years. The DN onset times are known for 33 patients whose age at diabetes diagnosis was less than or equal to 45 years and for 27 patients whose age at with diabetes diagnosis was greater than 45 years. The DN onset times of these 60 patients have been arranged as 1 2 ............, n t t t   in a pooled sample. The survival function has been estimated for both the groups. This survival function is redistributed according to the time interval as given in Table 8 . To test the equality of the two survival distributions, we have used the same procedure as given above, with two weight functions. The two test statistic, with different weight functions, came out to be 5.252 and 6.057, respectively, as given in Table 9 . Thus, we reject the null hypothesis in both the cases, since p-value came out to be less than 0.001 (p < 0.001) and conclude that the two survival distributions are significantly different. We have also compared graphically the DN onset times of two groups, classified on the basis of age at diabetes diagnosis, as shown in Figure 4 . In this part, an alternative method has been used based on median survival time rather than comparing the difference in the survival functions over time. Again, firstly, the 132 type-2 diabetic patients have been divided into two groups of 59 males and 73 females. Using KM method survival function has been estimated at each event point for male, female and pooled sample. We have arranged the onset times in ascending order in a pooled sample and in this case it has been found that there exist no i t , for which ˆ( ) Table 9 . Thus, we fail to reject the null hypothesis as p= 0.447 and conclude that there is no significant difference in the median survival time of DN onset time of male and female groups. The above test, which is based on median survival time, can also be applied when data is divided into two groups on the basis of age at diabetes diagnosis. Out of 132 individuals there were 81 patients whose age at diabetes diagnosis was less than or equal to 45 years and there were 51 patients whose age at diabetes diagnosis was greater than 45 years. The median survival time came out to be, i.e. 18.034, as it is based on the pooled sample. Using the survival time for both the samples, we have found that the onset time of patients whose age at diabetes diagnosis was greater than 45 years satisfy the condition L j T ≤M < U j T as 18<18.034<20. The estimated probability of survival, Table 10 . Thus, we fail to reject the null hypothesis as p=0.496 and conclude that there is no significant difference in the median survival time of DN onset times of age at diabetes diagnosis less than or equal to 45 years and age at diabetes diagnosis greater than 45 years. 
Discussion
The aim of this study is to compare the survival time (onset time of nephropathy from the diagnosis of type-2 diabetes) of two groups of patients with type-2 diabetes. The major advantage of developing methods for comparing the DN onset time of type-2 DM patients is that the DN onset time pattern of new DM patients can be predicted depending on the patient group. Also, it can be used as a baseline for further studies.
Firstly, we have used parametric methods to compare the survival times of two groups, on the basis of gender and age at the time of diagnosis of diabetes, assuming that DN onset times follow Weibull distribution. The two parameters of the Weibull parametric distribution provide additional flexibility that potentially increases the accuracy of the description of collected survival data, since the shape parameter allows the hazard function to increase or decrease with increasing time (Collet, 2003) . The likelihood ratio test is applied here on collected data of type-2 DM patients with minimum 5 years of duration of diabetes, to compare groups: male and female and of patients whose age at diabetes diagnosis is less than or equal to 45 years and greater than 45 years. This test is widely used in comparing two survival distributions for the cases where sample sizes are not small and the equality of two Weibull distributions is rejected (Lee, 2003) . We have applied two sample test of Thoman and Bain (1969) to compare small samples of equal sizes, and cases where we fail to reject the equality of shape and scale parameter. Thus, in some cases limitation of likelihood ratio test can be handled with Thoman and Bain test. If the data comes from a Weibull distribution, the most accurate way in this case is to use a parametric test such as likelihood ratio test or the method of comparing maximum likelihood estimates proposed by Thoman and Bain (Lam and Spelt, 2007) . In all the above tests we have considered only uncensored cases. Clearly, considering only uncensored cases will increase the mean of the survival time (Li and Lagakos, 1997) .
To avoid the model validity issues for left truncated and right censored data (LTRC), we have used the nonparametric approach, supported by the welldeveloped Kaplan-Meier product limit estimator and related techniques, in the second part of the methods, to compare the survival functions of two groups, on the basis of gender and age at the time of diagnosis of diabetes. We have used the KM estimator to estimate the survival function for both the groups because this estimate is the most important and widely used method to estimate the survivor function and it is a generalization of the empirical survivor function, which accommodates censored observations also (Collet, 2003) . The KM method with weights KM W , a censored data analog of the two sample t-test, suggest a test which down weights differences late in time when there is heavy censoring (Klien and Moeschberger, 2003) . The weight AG W , suggested by us, using the KM method also includes the ratio in which censored observations appear in the data. This method helps us to compare the survivor function of two groups over different time periods, as the data includes patients with minimum 5.6 years and maximum 27-year duration of disease.
Another method to compare the survival function of two groups with LTRC data, based on median survival function, derived by Brookmeyer and Crowley, is where median survival time is based on the common survival function, this pooled survival function depends on the censoring patterns in the two samples. It is found that two groups are not significantly different when we have compared the median survival function of DN onset times. Since the distribution of survival time tends to be positively skewed, the median is the preferred summary measure of the location of the distribution (Collet, 2003) .
From the parametric and nonparametric methods used in this study we conclude that the DN onset time of male group differs significantly from that of the female group. Also, the DN onset time of patients whose age at diabetes diagnosis is less than or equal to 45 years differs significantly from that of the group whose age at diabetes diagnosis is more than 45 years. For future studies, the procedures used in this paper can be used for the comparison of survival time of two independent groups in any biomedical study. The application of these models to other complex event history data can also be explored.
